Estimating poles of a transfer function

1. Plot the measured amplitude response as a curve on double-logarithmic paper.

2. Approximate the curve by segments of straight lines (an open polygon) so that each line has an integer slope, and the slope decreases by 1 or 2 at each corner. Introduce additional corners if the slope of the curve changes more rapidly.

3. Each corner where the slope decreases by one (that is, one power of frequency) corresponds to a first-order subsystem, and is associated with one real pole of the Laplace transform. The real part of the poles is negative.

4. Each corner where the slope decreases by two corresponds to a second-order subsystem, and is associated with a pair of complex-conjugate poles of the Laplace transform.

5. The distance of a pole from the origin of the complex s (Laplace) plane equals the angular frequency of the corner.

6. The distance of complex poles from the imaginary s axis, divided by their distance from the origin, is the numerical damping constant, and can be estimated from the sharpness of the “corner” in the measured curve. If the curve is above the corner of the polygon, i.e. there is a resonance, damping must be low (<0.5). 

7. In the parameter file PZFIT.PAR, poles are not entered as such but as corner frequencies and, for second-order systems, damping constants. The sequence in which these parameters are entered is described in a template file. 

8. The total number of poles required to fit a response curve equals the difference between the extreme slopes of the polygon (the asymptotic slopes of the curve). For broad-band systems, it makes sense to consider the subsystems to be either high-pass or low-pass filters although from a formal point of view such an identification is arbitrary. In case of a broadband response with a flat section between the low and high corners, the number of high-pass poles equals the slope of the low-frequency asymptote and the number of low-pass poles equals the negative slope of the high-frequency asymptote. Band-pass subsystems need not be introduced in this case. The number of high-pass poles is then also the number of zeros of the Laplace transform. Example: assume that the response goes as f 4 at low frequencies and as f –6 at high frequencies. Then 10 poles, four high-pass and six low-pass, are required, forming two high-pass and three low-pass, second-order subsystems. The Laplace transform has a fourfold zero at zero frequency. 

9. Additional poles outside the frequency band covered by the data may improve the fit, but their frequencies must be guessed.

10. When you have set up a tentative parameter file, use PZPLOT2 to visualize the contribution of every subsystem to the total response, and adjust gain, frequencies, and damping constants until you achieve a reasonable fit to the data. PZFIT will then optimise the parameters. The parameter file needs to be set up only once for one type of sensors.

11. After running PZFIT successfully, replace the parameter estimates by rounded values near the final parameters from PZFIT, so the inversion for the next system of the same type can start from improved parameters.
